To defend cells against viruses, the MAVS (mitochondrial antiviral signaling) adaptor protein initiates an antiviral signaling cascade from mitochondrial membranes. In this issue, Dixit et al. (2010) show that MAVS also localizes to the membranes of peroxisomes, where it rapidly induces expression of a subset of antiviral genes that curb viral replication until mitochondrial MAVS can induce a sustained antiviral response.
plex reported by Tcherkezian et al. could explain this finding, with a retrograde signal from the motor neuron triggering release and activation of the protein synthetic machinery within the presynaptic terminal.
Although the interaction between DCC and ribosomal components provides a solution to the spatial specificity of local translation, it does not address the question of transcript specificity. Studies suggest that hundreds of mRNAs may localize to particular neuronal compartments and that distinct stimuli may regulate translation of subsets of transcripts (Sutton and Schuman 2006, Wang et al., 2010) . This layer of specificity may be mediated by the differential delivery of mRNAs to distinct sites within neurons, or by transcript-specific forms of translational regulation such as those mediated by microRNAs.
The discovery of a macromolecular complex that regulates translation is reminiscent of kinase-anchoring proteins that localize and synchronize signaling within the cell (Smith et al., 2006) . In the classic example, A-kinase-anchoring proteins, or AKAPs, localize protein kinase A and phosphodiesterases within discrete subcellular compartments (such as the nuclear membrane, centrosome, or Golgi). This anchoring complex not only localizes the activation of protein kinase A in response to elevated cyclic AMP, but also limits the duration of signaling through the activity of the associated phosphodiesterase. In a similar manner, DCC may spatially restrict the translational response to netrin signaling and limit its duration by providing a competing binding site for ribosomes and translation factors. Further, just as an increasing number of differentially localized kinase-anchoring proteins have been discovered, DCC may represent just one of many membrane proteins that function to locally restrict translation within distinct subcellular compartments in response to specific stimuli. Endowing netrin with the capacity to regulate both axon guidance and translation within the many subcellular compartments of individual neurons provides an elegant and economical way of temporally and spatially regulating gene expression during neural circuit formation and plasticity. To face a hostile world, animals have developed a complex array of sensory systems. In vertebrates, this sensory toolbox provides such a keen selective advantage that a considerable fraction of the vertebrate genome is devoted to its development and function. The primary sensors are specialized cells, often neurons, that are typically located in the nose and mouth. These sensors feed into parallel neural circuits that, when activated, trigger either learned responses or innate behaviors. In mammals, very little is known about the nature of the molecules responsible for activating these predetermined circuits. This situation is paralleled by our limited understanding of the hardwired circuits themselves. In this issue of Cell, Papes et al. (2010) unveil the molecular identity of olfactory signals called Mups (major urinary proteins) released by predators, such as cats and rats, that trigger a stereotyped and innate avoidance response in mice ( Figure 1 ). The authors then identify sensory neurons in the mouse vomeronasal organ, a neural substructure in the nose, as sites for the detection and processing of these fear-evoking molecules.
Interspecies chemical eavesdropping is rampant in the animal kingdom, from insects to mammals. When the recipient benefits from the signal, the molecules involved are called kairomones. (2010) . But how has this system evolved to respond with a stereotyped reaction to molecules produced by a large number of phylogenetically distinct predator species? A simple and attractive hypothesis has been proposed based on the potential existence of a specific metabolite shared by carnivores that activates a predator detection sensory circuit in rodents (Fendt, 2006) . Papes and colleagues now put this hypothesis to the test. They demonstrate that the rat kairomone that triggers defensive behavior in mice is a lipocalin encoded by the Mup13 gene (Papes et al., 2010) . Members of the Mup family are found in bodily secretions, and these proteins are no strangers to chemical communication among individuals. They are known to be involved in intraspecies interplay, especially male-male aggression in mice (Chamero et al., 2007) . But they are also known to mediate interspecies interactions, albeit of a peculiar type, as they are potent human allergens. Of particular importance, the authors show that a recombinant Mup, based on the Mup Feld4 from cat saliva, recapitulates the behavioral effects on mice of the rat Mup13 kairomone ( Figure  1 ). This indicates that a similar but distinct chemical protein, released by two different predator species, is sufficient to induce fear behavior in mice. Perhaps counterintuitively, the bioactive messenger is not a common molecule released by these predators, making a dent in the hypothesis that carnivores all release the same fearevoking metabolite.
Perhaps the biggest surprise to come out of the Papes et al. work is the discovery that Mups, known to be linked to aggression (Chamero et al., 2007) , also evoke fear behaviors (Figure 1 ). This poses the question of how aggression and fear, two almost opposite behavioral outputs (reflecting the Janusfaced potential of mouse defenses), evolved in response to very similar protein stimuli. One obvious hypothesis is that the recent amplification of the rodent Mup gene repertoires provided an opportunity to extend the function of Mups from aggression-inducing to fear-inducing molecules. The mouse vomeronasal organ may be an integrator of signals leading to various types of innate behavioral responses. Coopting one of the outputs of this neural substructure to trigger fear-like behavior through a new Mup-activated neural circuit may be the path that evolution took.
The remarkable findings of Papes and colleagues open two very exciting avenues for further research. First, the proteinaceous nature of the fear-inducing Mup kairomones and thus their genetic encodability will allow genetic engineering experiments to address the role played by context in innate behavior. For example, what would be the response of a wild-type mouse when confronted with a transgenic member of its own species expressing the cat Mup Feld4? Second, identification of the predator Mup kairomones will permit, as soon as their receptors are identified, the genetic tracing and manipulation of the neural circuits that are activated in the recipient animal's brain. Receptors that respond to Mup kairomones and to Mups exchanged between mice are likely to be from the same family, given the similarities among their ligands. Only three receptor families are expressed by sensory neurons of the vomeronasal organ: the Fprs (Riviere et al., 2009; Liberles et al., 2009) , the V1Rs, and the V2Rs (Tirindelli et al., 2009 ). V2Rs are favored to be the receptors for Mups because of the following observation: The drastic expansion of Mup genes that occurred in mice and rats, which possess 21 and 9 Mups, respectively (Chamero et al., 2007; Logan et al., 2008) , was accompanied by a parallel formidable expansion of the rodent V2R gene repertoire (mouse and rat Detection by mice of the kairomones produced by predators (e.g., Mup13 in rat urine, and the Mup Feld4 in cat saliva; orange) is mediated by sensory neurons in the mouse vomeronasal organ. Detection of these Mups (major urinary proteins) triggers innate and stereotyped fear-like responses in mice. However, Mups produced by male mice provoke aggression in other mouse males (red), a response that is also mediated by the vomeronasal organ. In mice, Mups require context (i.e., another animal) to trigger aggression (red). In contrast, the behavioral effects of cat and rat Mup kairomones on mice are independent of context (orange). Male mice express a unique combination of Mups (4 to 6 Mup genes are transcribed among the 21 present in the genome), depending on the strain. genomes encode 121 and 79 V2R genes, respectively) (Young and Trask, 2007) . Conversely, functional V2Rs are absent in other mammalian species, such as dogs or apes, in which only a single Mup gene has been found. An apparent correlation thus exists between the expansion of the V2R gene repertoires and the Mup gene repertoires in mice and rats. The strength of this correlation will soon be put to the test by comparative genomics of different rodent species. In parallel, the functional relevance could be evaluated by the potentially altered response to kairomones of mice lacking β2-microglobulin, a critical player in targeting V2Rs to the plasma membrane (Loconto et al., 2003) . Thus, the identification of Mups as triggers of distinct and very robust hard-wired behavioral responses in mice is likely to lead to new insights into the coding strategies underlying rodent innate behaviors.
To survive a viral infection, the immune system triggers an arsenal of protective defense measures. One of the most potent of these is the induction of type I interferons. These cytokines orchestrate both rapid and long-term responses that inhibit viral replication and assembly. Immune sensors inside cells detect viral genomes or the replicative activities of viruses to initiate this antiviral state (Takeuchi and Akira, 2009 ). In the case of RNA viruses, the RNA helicases retinoic acid-inducible gene I (RIG-I) and melanoma differentiationassociated gene 5 (MDA-5) discriminate between different classes of RNA viruses in the cytosol (Figure 1 ). RIG-I senses the 5′ triphosphate moiety of viral genomes or short blunt-ended double-stranded RNA molecules, while MDA-5 recognizes long double-stranded RNA molecules (a typical intermediate during the replication of certain viruses). Upon binding to these viral components, both RIG-I and MDA-5 then interact with MAVS (also called IPS-1, Cardif, or VISA), which triggers an antiviral signaling cascade. This leads to the activation of NF-κB and interferon regulatory factor 3 (IRF3), which subsequently turn on the expression of genes encoding inflammatory cytokines and type I interferons (Figure 1) .
MAVS contains a C-terminal transmembrane domain, which targets the protein to the outer membrane of mitochondria. This localization of MAVS is essential for signaling because cleavage, deletion, or mutation of the mitochondrialtargeting sequence of MAVS disrupts the antiviral response (Li et al., 2005; Seth et al., 2005; Meylan et al., 2005) . In this issue of Cell, Dixit et al. (2010) now show that MAVS is also found on other membrane-bound organelles in the cytosol called peroxisomes. Peroxisomal MAVS establishes an immediate albeit transient antiviral response, which halts or delays viral replication until the more robust and sustained antiviral response driven by the mitochondrial MAVS pathway comes into play.
Peroxisomes, best known for their role in the oxidation of lipids, contain a large number of oxidative enzymes within their lumen. Peroxisomes originate from the endoplasmic reticulum (ER), but they freely exchange proteins with mitochondria (Camões et al., 2009 
